Hidden varicella outbreak, Luang Prabang Province, the Lao PeopleÊs Democratic Republic, December 2014 to January 2015 A cute fever and rash outbreaks have a wide range of possible etiologies and can cause significant morbidity and mortality. Differential diagnosis includes measles that can cause fatality rates as high as 10-30% and relatively benign diseases such as varicella which rarely result in death (0.001% in 5-9 year-olds and 0.02% in adults). 1 Determining the etiology of a fever and rash outbreak can be complicated when there are outbreaks of different etiology occurring simultaneously in the community. Varicella, caused by the varicella zoster virus, is a common childhood disease characterized by fever and vesicular rash. It mostly affects children aged 1-9 years old and has a mild presentation except in neonates, pregnant women and immunocompromised individuals where varicella can be life-threatening.
1, 3 In developed countries such as the United States of America and Germany, the introduction of varicella vaccination has reduced the disease incidence significantly.
4,5
However, in an unimmunized population such as the Lao People's Democratic Republic, outbreaks of varicella can be expected, especially during the cooler winter season.
6
In January 2015, the National Center for Laboratory and Epidemiology (NCLE) of the Lao People's Democratic Republic received a report of 34 cases of fever and rash in the remote village of Houitone (population = 937) in Luang Prabang Province. Measles IgM enzyme-linked immunoabsorbent assay (ELISA) testing of 15 serum samples identified Sengkeopraseuth et al Varicella outbreak, the Lao People's Democratic Republic, [2014] [2015] measles and rubella IgM using ELISA (Enzygnost® kits, Siemens, Erlangen, Germany).
Houitone village population data were provided by the head of the village for calculation of attack rates (AR). Data cleaning, recoding and descriptive analysis were conducted in Excel (Microsoft Excel, Redmond, USA). Relative risks with 95% confidence intervals were calculated in Epi-Info 7 (CDC, Atlanta, USA).
RESULTS

Epidemiological findings
Between 22 December 2014 and 23 January 2015, 190 cases with fever and rash were identified in seven villages in Pakseng District with the majority of the cases in Houitone village (94.2%). Response rate of the survey was 94.7% for those in Houitone village (178/188 households) given 10 absent households. The first two identified cases were an 8-year-old female and a 10-year-old male from the same household in Houitone village with rash onset on 22 December 2014. The case count peaked on 26 December 2014 with 40 cases and a secondary peak appeared on 6 January 2015. The last identified case was a 7-year-old male from Pakseng village with rash onset date of 23 January 2015 (Figure 1) .
Ages of the 190 cases ranged from 1.6 months to 30 years (median: 5 years) with the majority between 1 and 9 years (n = 152, 80.0%); 75 cases (39.5%) were under 5 years with 10 (5.3%) under 1 year. There were 85 (44.7%) female cases. The overall AR in Pakseng District was 0.9%; the AR in Houitone village was 18.9%. Age-specific AR in this village were 3.7% one (6.7%) measles-positive result; however, reports of vesicular rash in the 34 cases suggested another disease, most likely varicella, may also be circulating. Measles is a high-priority disease in the Lao People's Democratic Republic. Two laboratoryconfirmed measles outbreaks occurred a few months before this report resulting in 369 cases and 12 deaths in Huaphanh and Bolikhamxay Provinces. Following these outbreaks, a nationwide supplemental immunization activity (SIA) for measles and rubella (MR) was completed one month before the Houitone outbreak.
We conducted an outbreak investigation to determine the etiology, magnitude and severity of the Houitone outbreak.
METHODS
A team consisting of staff from the NCLE and World Health Organization (WHO) joined the provincial and district response teams to investigate the outbreak in Houitone village and neighbouring villages in Pakseng District, Luang Prabang Province between 21 and 27 January 2015.
The clinical case definition of this outbreak was any person presenting with fever and rash between 1 December 2014 and 24 January 2015 in Pakseng District. We conducted active case findings through a door-to-door survey in Houitone village; case findings in neighbouring villages were conducted through review of medical log books at the province and district hospitals and phone interviews with the heads of villages. We collected the name, age, residential location, date of rash onset, symptoms, measles routine and campaign vaccination status of the cases for analysis.
To differentiate between measles and varicella etiologies, information on rash types were collected with photographic documentation in 16 selected cases. Reinvestigation of the laboratory-confirmed measles case was also conducted. Cases were classified according to United States Centers for Disease Control and Prevention (US CDC) and WHO standard case definitions for varicella, measles and rubella (Box 1).
3,7
Field investigators obtained serum samples from cases whose rash onset was less than 28 days -the optimal time frame for specimen collection to ensure test reliability. 8 The NCLE laboratory tested the sera for Varicella
The severity of the illness of the cases was uniformly mild with no complications, hospitalization or death.
Laboratory findings
Of the additional 43 serum samples collected, no (0%) samples tested positive for measles, and four (9.3%) were equivocal for measles IgM. No (0%) samples tested positive for rubella, and six (14.0%) were equivocal for rubella IgM.
Measles vaccination coverage
Of the 190 cases, 84 (44.2%) had evidence of measles vaccination, including 30 (15.8%) verified by vaccination card and 54 (28.4%) by self-reporting. Among cases who were age-eligible (9 months to 10 years) to receive MR vaccination during the SIA (n = 152, 80.0%), 107 (70.4%) reportedly received the MR vaccination.
DISCUSSION
Despite the initial laboratory findings that suggested a measles outbreak, the epidemiological and clinical evidence suggested this outbreak was due to varicella. Evidence supporting this includes: (1) the nature of the rash in all but one case was vesicular; (2) the illness was mild and lacked complications; and (3) reinvestigation of for population who were aged 10 years or older and 69.7% for the population younger than 10 years (relative risk = 18.8, 95% confidence interval = 12.87-27.54).
Reinvestigation of the 5-year-old female case from Houitone village who tested positive for measles IgM revealed that her scars were evidence of vesicular rash characteristic of varicella. She developed a generalized vesicular rash on 26 December 2014 and had a fever soon after. According to her vaccination and MR campaign card, she had been vaccinated for measles through routine immunization on 12 December 2010 and during the SIA on 21 November 2014 (35 days before rash onset and 47 days before sample collection). Five contacts became ill near her symptom onset date (-1 to 16 days) with similar symptoms of vesicular rash and fever.
Clinical findings
The majority of the cases presented with vesicular rash (n = 189, 99.5%) at either the blistering, scabbing or scarring phase, which is characteristic of varicella (Figure 2) , and met the US CDC standard case definition for varicella.
3 A single case manifested with a maculopapular rash (0.5%) without cough, coryza or conjunctivitis and met the WHO standard case definition for rubella.
7
No cases met the WHO standard case definition for measles. [2014] [2015] due to measles, we detected a suboptimal and much lower routine and campaign vaccination coverage, highlighting the importance to strengthen both routine immunization and SIA.
In some developing countries such as the Lao People's Democratic Republic, varicella vaccination has not been incorporated into routine immunization programmes as the cost of vaccine outweighs the public health benefit. However, there is some evidence of higher rates of complications in varicella outbreaks among rural South-East Asian populations with largely naïve populations. 15 In the following three months after this outbreak, at least 16 additional fever and vesicular rash outbreaks were documented with no reported deaths in the Lao People's Democratic Republic (unpublished data). Continued surveillance and investigation of fever and vesicular rash cases is necessary to monitor for severe health outcomes and reassess the need for varicella vaccination programmes.
There are several limitations in this study. First, the door-to-door survey was conducted only in Houitone village which may underestimate the scope of the outbreak. Second, during the door-to-door survey, we encountered 5.3% absent households which may underestimate the attack rate for the village. There may also be a certain level of recall bias regarding the rash onset date that could potentially limit the yield in ELISA IgM test if the true rash onset date was more than 28 days before the test. the case with the positive measles IgM result identified inconsistent clinical presentation and epidemiological linkage to other vesicular rash cases. Given her recent MR vaccination, this most likely was a false positive.
9
Varicella typically presents during the cooler winter season or in regions with temperate climate; the disease predominantly affects pre-adolescent children in temperate climates as opposed to appearing later in life in tropical climates.
6, 10 The wide age range of the cases in this outbreak is consistent with this pattern and similar to other tropical South-East Asia countries such as Malaysia, the Philippines and Thailand where more than 90% seroconversion can only be seen in those older than 30 years.
11-13
In In summary, the rapid response to a measlespositive laboratory result discovered a varicella outbreak. The low measles vaccination coverage detected in this setting led us to recommend a routine catchup vaccination campaign. We recommend collecting detailed information of rash type and obtaining photo documentation of lesions to better differentiate potential etiologies of future fever and rash outbreaks.
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